Thermal conductivity is one of key parameters of adsorbents, which will affect the overall system performance of adsorption chiller. To improve adsorbent's thermal conductivity is always one of research focuses in chemisorption field. A new chemical composite adsorbent is fabricated by adding carbon coated metal(Aluminum and Nickel) nanoparticles with three different addition amounts into the mixture of chloride salts and natural expanded graphite aiming to improve the thermal conductivity. The preparation processes and its thermal conductivity of this novel composite adsorbent are reported and summarized. Experimental results indicate that the nanoparticles are homogenously dispersed in the composite adsorbent by applying the reported preparation processes. The thermal conductivity of the composite adsorbent can averagely enlarge by 20% when the weight ratio of the added nanoparticles is 10 wt%. Moreover, carbon coated aluminum nanoparticles exhibit more effective enlargement in thermal conductivity than nickel nanoparticles. As for the composite adsorbent of CaCl 2 -NEG, there is a big reinforcement from 30% to 50% for Al@C nanoparticles, however only 10% in maximum caused by Ni@C nanoparticles. The proposed research provides a methodology to design and prepare thermal conductive chemical composite adsorbent.
Introduction 
As an effective means of saving energy, utilization of low grade thermal energy such as solar energy, industrial waste heat and geothermal energy attracts more and more attentions because of concerns on climate change and global warming. Chemisorption is one of attractive chemical processes, which can be widely used in different areas such as heat pump, energy storage, adsorption refrigeration, and combined power and cooling systems [1] [2] [3] [4] [5] [6] . Inorganic salts adsorbing ammonia by solid-gas reaction has obtained ever-increasing attentions because of the high flexibility in the application of different temperature heat sources, especially low-grade thermal energy [7] [8] [9] . However, during adsorption and desorption process, the salts tend to swelling and caking due to the chemical reaction which hinder mass and heat transfer, leading to low system working efficiency. Introducing porous matrix materials in chloride salts to make the composite adsorbent is an effective method. TOKAREV, et al studied three porous matrices including expanded vermiculite, γ-alumina and carbon sibunit with barium chloride, and Active Carbon Fiber and calcium chloride composite as new type of composite ammonia sorbents [9] [10] [11] . A composite adsorbent composed of BaCl 2 impregnated into expanded vermiculite could provide effective operation of the chiller using a low potential heat source(80-90℃) giving COP(coefficient of performance) as high as around 0.54. The cooling performance of a consolidated composite reactive bed consist of expanded graphite and CaCl 2 was experimentally assessed by WANG, et al, and CaCl 2 /activated carbon compound adsorbent was studied as well [12] [13] . BU, et al reported that the mass transfer is enhanced by carbonizing and activating the sawdust and heat transfer is increased with adding of expanded graphite [14] .
The heat and mass transfer performance play essential roles in the adsorption/desorption process. Faster the heat and mass transfer rate, shorter the cycle time, higher the system efficiency. Normally, the thermal conductivity could represent the heat transfer performance. The thermal conductivities of some carbon materials were measured by WANG, et al, which were compacted expanded natural graphite with different bulk density, activated carbon and expanded natural graphite or graphite after sulphuric acid treatment with different composite ratio [15] [16] [17] . The thermal conductivity measurement results for different compound adsorbents including seven kinds of chloride salts and sodium bromide with expanded natural graphite as the matrix indicate that the salt ratio and the consolidated density of the compound adsorbent affect the thermal conductivity of ammoniated salts strongly [18] [19] .
Recently many researches focused on improving heat transfer performance of composites with carbon nanomaterials embedded in because of their excellent thermal property. Some reports reported on the enhancement of thermal conductivity of polymer composites, such as multi-walled carbon nanotubes/EPDM rubber, carbon nanotubes/reinforced syntactic foam, graphite nanoplatelets/silicone resin, reduced graphene oxide/PVDF-HFP polymer, and carbon coated copper nanoparticles/silica gel composites [20] [21] [22] [23] [24] . However, a few studies on improvement of heat transfer characteristic of composite sorbents using carbon nanomaterials. The ammonia adsorption and thermal transfer performance of pure multi-walled carbon nanotubes and the composite adsorbent made of CaCl 2 and carbon nanotubes have been studied. The research results show that although the pure MWCNT is not appropriate to be adsorbent for the solid-gas adsorption refrigeration due to its low adsorption capacity, it can be used as additive to some other chemical adsorbents to improve their heat transfer characteristics [25] [26] . While carbon nanotubes are usually curved, aggregated and entangled together, it is not easy to be dispersed homogeneously. It seems carbon coated metal/alloy nanoparticles with core-shell structure have more advantages relatively. Carbon coatings can protect metal core in ambient conditions, maintaining excellent thermal properties, and offering an economically attractive route to broader use of metal nanoparticles [24, [27] [28] [29] . The granule shape in nanometer size can be more easily to spread and occupy a little space in the adsorbent, therefore should void causing greater obstruction of mass transfer. From this point, carbon coated metal nanoparticles are expected to become a potential effective additive for adsorbent.
On the other hand, materials are the basis for all industries. With industrial development, especially the rise of Industry 4.0, manufacturing technologies for manufacturing innovation and new materials to improve the performance and efficiency of existing machine become more and more important. In this paper, a new composite adsorbent was designed and fabricated to enhance thermal transfer. Natural expanded graphite(NEG)was selected to be the host matrix for adsorbents as NEG has been known as one of the important materials for improvement of heat and mass transfer performance and reduction of agglomeration and swelling [15, [17] [18] [19] . Core-shell-structured nanoparticles with metal core and carbon shell, as additive, were mixed with metal chloride salts and natural expanded graphite to make a new composite adsorbent. The distribution of nanoparticles in the adsorbents was characterized and the enhancement of the thermal conductivity of the composite adsorbents mixing with nanoparticles was studied in detail.
Experimental Tests
Normally copper is one of the best heat conductive metals. However, copper could react with ammonia, it is not suitable to use in the sorbents for ammonia adsorption and desorption process. So two kinds of core-shell-structured nanoparticles were selected, one was carbon-coated aluminum(Al@C) nanoparticle and the other was with a nickel core encapsulated in a carbon shell(Ni@C). To prepare composite adsorbent, as shown in Fig. 1 , first a small certain amount of nanoparticles was dispersed in ethanol solution using ultrasonic bath for 30 min in order to obtain homogenous suspension. Then natural expanded graphite and metal chloride(Calcium chloride or Strontium chloride) with weight ratio 1:2 was added in the suspension for further mixing under ultrasonic treatment for another 30 minutes. The whole mixture suspension was heated to remove the solvent and dried in oven at 120℃ for over 24 h to 48 h to generate mixture powders. Stirring regularly during dry process is necessary in order to avoid caking caused by chloride salt precipitation. The microstructure of nanoparticles and their distribution in the composite adsorbent powders were examined by Transmission electron microscopy (TEM, JEOL JEM-2010HR), Energy Dispersive X-Ray Spectrometer(EDX, Bruker Nano) and Scanning Electron Microscope(SEM, Hitachi TM3030). The thermal conductivity(k) of the composites was measured using thermal constants Analyzer (Hotdisk TPS 500S), based on the Transient Plane Source(TPS) technique. Two disks made of the mixture powders for measurement were prepared by compressing with 12.9 mm in diameter and about 5mm in height. The bulk density of the disk is around 2200 kg/m 3 by calculation using its weight and volume.
Results and Discussion
The morphologies and chemical composition of Ni@C and Al@C nanoparticles are shown in Fig. 2 , which present the core-shell structure clearly. As observed in the TEM
